Introduction
An important area of medical research concerns the use of tests to diagnose individuals with conditions. The simplest situation occurs when we use a diagnostic test to determine whether an individual has a particular condition or not; and thus we have a 'yes' or 'no' answer. We need a method to be able to assess whether a new diagnostic test is accurate, and therefore likely to be useful in clinical practice. The accuracy of a diagnostic test is usually assessed by calculating the test's sensitivity and specificity. Here, we investigate these two concepts. We will do so with the help of a hypothetical example, described below.
Example
Imagine we have a new test to determine whether someone has a particular disease and we wish to evaluate its performance. To do so, we carry out a study on 287 individuals who we suspect may have the disease of interest, and perform our new diagnostic test to gain a result for each individual. We also determine whether each individual truly has the disease of interest by using the current gold standard diagnostic test. This will enable us to investigate how well our new diagnostic test performs. The results of our study are summarised in Table 1 . As we can see, we obtained the following results:
Prevalence: The percentage of individuals who had the condition of interest in our study population was 22.2% (i.e. 57 out of 257 individuals in our study truly had the disease)
True positive: There were 48 individuals who had a positive test result and who truly had the disease True negative: There were 183 individuals who had a negative test result and truly did not have the disease False positive: There were 17 individuals who had a positive test result, but who truly did not have the disease False negative: There were 9 individuals who had a negative test result, but who truly did have the disease
Sensitivity
The sensitivity of a test is defined as the percentage of those who truly had the disease that were correctly identified by the test. 1 It is also sometimes called the true positive rate. 2 In our study, 48 individuals out of the 57 individuals with the disease were identified by the test, resulting in a test sensitivity of 84.2%.
Specificity
The specificity of a test is defined as the percentage of those who truly did not have the disease that were correctly identified by the test. 1 It is also sometimes called the true negative rate. 2 In our study, 183 individuals out of the 200 individuals who do not have the disease were correctly identified by the test, resulting in a test specificity of 91.5%.
Thus, based on our study, we would expect 84% of patients with the disease to have a positive test result when using the new diagnostic test, and we would expect 92% of those without the disease to have a negative test result when using the new diagnostic test. 1
Identifying a gold standard
In order to assess whether a new test is accurate, we need to know the "truth" -i.e. whether an individual truly has the disease. We usually use the current gold standard test as the comparator, assuming that this test is "perfect". This may not always be the case. Therefore, we must keep this in mind when interpreting the results of any study.
Properties of sensitivity and specificity
Clearly, we can see that if our new test were perfect, we would expect both the sensitivity and specificity to equal 100%. A test that did not work at all would expect a sensitivity and specificity of 50% (i.e. no better than chance). In practice, we find somewhere between these two extremes. It is clear that the sensitivity and specificity of a test does not depend on the prevalence of the disease in the population.
As with most other statistics, it is possible to calculate a confidence interval for a sensitivity and specificity. As the numbers are proportions, we just use the standard approach to calculate them. In our example below, the 95% confidence intervals were 72.1% to 92.5% for the sensitivity and 86.7% to 95.0% for the specificity.
Note, although sensitivity and specificity are very useful in defining the accuracy of a test, in a clinical situation they may not provide us with all the information that we require. When an individual patient is undergoing a test and obtains a result, we wish to understand the implications of the test result for that particular patient; i.e. how likely is it that the individual has the disease in question. If we only know the sensitivity and specificity of a test, then we unable to directly answer this question without further calculation. For this, we use the positive predictive value and negative predictive value. These concepts will be investigated in the next Research Design and Statistics notes. 
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